Objective To summarize gluten-free diet (GFD) nonadherence risk factors, nonadherence rates, and current intervention research within an integrative framework and to develop a research agenda for the development and implementation of evidence-based GFD adherence interventions. Methods Topical review of literature published since 2008 investigating GFD adherence in pediatric samples. Results Reviews of pediatric studies indicate GFD nonadherence rates ranging from 19 to 56%. There are few evidence-based, published pediatric GFD adherence interventions. Novel assessments of GFD adherence are promising but require further study. Nonmodifiable and modifiable factors within individual, family, community, and health systems domains must be considered when developing future interventions. Clinical implications are discussed. Conclusions Avenues for future research include development and refinement of adherence assessment tools and development of evidence-based GFD adherence interventions. Novel technologies (e.g., GFD mobile applications) require empirical study but present exciting opportunities for adherence intervention.
In all studies, participants on GFD had been diagnosed with CD.
Adherence to Gluten-Free Dietof nonadherence to GFD. Further, given the increasing prevalence of gluten-related disorders (Leonard & Vasagar, 2014) , there is a growing need for evidencebased interventions targeting GFD adherence. We reviewed studies on pediatric GFD adherence rates as well as GFD adherence interventions published since a review by Hommel, Mackner, et al. (2008) . This review aims to (1) summarize GFD nonadherence risk factors and current intervention research within an integrative framework and (2) develop a research agenda for the development and implementation of evidence-based GFD adherence interventions. Finally, we provide a brief discussion of recommendations for clinical practice.
Pediatric Self-Management Model
The current review uses the Modi et al. (2012) pediatric self-management model to organize risk factors for nonadherence to GFD, existing interventions, and future directions in intervention research. The pediatric self-management model accounts for influences and processes that impact self-management behaviors, including adherence, at the individual, family, community, and health system levels. At each level, nonmodifiable influences (e.g., participant age) may inform intervention development, including to whom and in what setting the intervention is provided; modifiable influences (e.g., knowledge) are those that are often targeted by interventions. The model highlights the need for interventions to target multiple mechanisms to strengthen and sustain adherence outcomes. Of note, much of the adherence literature that influenced the development of the self-management model focused on health-related behaviors (e.g., taking medication, engaging in physical activity) that have been added to the individual's life; in contrast, GFD adherence requires the individual to omit a preexisting behavior (i.e., consuming foods with gluten) from their daily lives. Given the inherent differences in these two types of treatment adherence, this review draws primarily from the literature regarding other restrictive diets. We present recent research within each level of the model (i.e., individual, family, community, and health system), followed by implications for the development of future GFD adherence intervention research and clinical practice.
Evidence-Based Adherence Interventions for Youth on GFD
Family-based interventions that include both educational and behavioral elements (e.g., problem-solving, goal setting, communication skills) are effective for improving dietary adherence in children with a wide range of health conditions (Mackner, McGrath, & Stark, 2001 ). Components of promising evidence-based adherence interventions for other restrictive diets (i.e., phenylketonuria, low cholesterol) include nutrition education, modeling healthy eating habits, stimulus control, problem-solving skills, goal-setting, and positive reinforcement (Gleason, Michals, Matalon, Langenberg, & Kamath, 1992; Obarzanek et al., 2001) .
Specific to GFD, we are aware of only one pediatric adherence intervention with published results, which was a randomized controlled trial (RCT; N ¼ 61; Haas, Martin, & Park, 2017) . Over a 3-month period, participants in the intervention group received text messages that included links to online GFD resources and reminders to stay gluten-free (GF). There were no significant pre-post differences in adherence for the intervention group compared with the control group. The authors proposed that high baseline GFD adherence may have led to ceiling effects that interfered with the ability to identify changes in adherence. A second RCT created for children and adults with comorbid type 1 diabetes (T1D) and CD, which features education and problem-solving for adherence barriers, is currently underway, with results yet to be published (Assor et al., 2015) . Although it is encouraging that GFD adherence interventions have been described following a call for GFD adherence outcomes research by Hommel and colleagues (2008) , there continues to be a need for future rigorous research describing the development, implementation, and efficacy of pediatric GFD adherence interventions.
Considerations for Future GFD Adherence Intervention Research
In the sections below, the GFD adherence literature is summarized for each component of the pediatric selfmanagement model, and implications for future GFD adherence intervention research are presented.
Individual Influences
Multiple nonmodifiable factors influencing pediatric GFD adherence have been identified. Similar to the larger pediatric adherence literature (Modi et al., 2012) , it is well established that GFD adherence declines in adolescence (Charalampopoulos et al., 2013; Kurppa et al., 2012; MacCulloch & Rashid, 2014) . Developmental characteristics of adolescence (e.g., increased autonomy, importance of peer relationships, increased risk for psychopathology) present normative obstacles for adherence (Hommel, Mackner, et al., 2008) . Parents tend to be less involved in their children's dietary decisions, and they are less able to supervise children in social settings that involve meals or snacks. In addition, given high rates of secondary CD in patients with endocrine disorders (e.g., 3-12% and 7% of patients with T1D and autoimmune thyroid disease, respectively; Snyder & Murray, 2016) , examination of adherence in patients with comorbidities is important. Although promising research investigating adherence in youth with comorbid T1D and GFD is emerging (Assor et al., 2015; Pham-Short et al., 2016; Sud, Marcon, Assor, Daneman, & Mahmud, 2012) , no studies have determined whether adherence to GFD is worse for patients with comorbid medical diagnoses compared with those with only a gluten-related disorder. However, the broader literature suggests that increased regimen complexity and diagnostic comorbidities are associated with poorer adherence (Hommel, Davis, & Baldassano, 2008) .
Studies have also revealed potentially modifiable individual factors associated with GFD adherence. General psychological characteristics, including selfreported impulsivity (Wagner et al., 2016) , external locus of control (Bellini et al., 2011) , and poorer quality of life (Pham-Short et al., 2016; Taghdir et al., 2016) have been associated with poorer GFD adherence. Further, youth with poorer adherence is more likely to report negative GFD-related attitudes, including feelings of isolation, embarrassment, anger, and being "different" related to GFD and perceptions that the diet is difficult to maintain (Alzaben et al., 2015; Garg & Gupta, 2014) . Taken together, psychological characteristics and negative GFD-related attitudes may interfere with effective problem-solving skills, which are essential for children and adolescents who must change lifestyle behaviors and troubleshoot challenging social situations involving food (Mackner et al., 2001) . While problem-solving has not explicitly been investigated specific to GFD, a qualitative study found that adolescents on GFD who reported better dietary adherence described using multiple problem-solving strategies (e.g., planning ahead, bringing food to social events; Olsson, Hornell, Ivarsson, & Sydner, 2008) .
Implications for GFD Intervention Research
Although GFD adherence interventions are needed for pediatric patients of all ages, the noted declines in adherence during adolescence suggest that future adherence intervention trials focus on adolescent samples. Further, given the high rates of comorbidities in youth on GFD, it is critical to include these youth in future study samples. Assor and colleagues (2015) provide an excellent example of an intervention designed specifically for patients with comorbid T1D and CD. We encourage researchers who undertake such work to examine and address adherence behaviors for both GFD and the comorbid condition to learn valuable information about the complexities of adherence to two separate medical regimens.
The literature also provides support for modifiable targets of future intervention research. We recommend that future interventions include components for improving participants' psychological function, including GFD-specific attitudes and emotions. A campbased intervention that produced positive changes in GFD-related cognitions suggests that such treatment components may be beneficial (Bongiovanni, Clark, Garnett, Wojcicki, & Heyman, 2010) , although they have yet to be incorporated into a GFD adherence intervention. In addition, consistent with the larger pediatric adherence literature, future GFD adherence interventions may benefit from skills-based instruction that assist children, adolescents, and their caregivers in learning effective problem-solving skills for managing dietary changes and challenges (Mackner et al., 2001 ).
Family Influences
Family sociocultural characteristics, which are largely nonmodifiable influences, are consistently linked to adherence rates in the pediatric literature (Modi et al., 2012) . Regarding GFD, higher socioeconomic status (SES), including parental education, parental occupation, and family income, is consistently associated with better adherence (Barratt, Leeds, & Sanders, 2011; Garg & Gupta, 2014) . This is particularly concerning given the higher costs of many GF foods relative to non-GF alternatives, leading many families to experience financial burdens (Roma et al., 2010; Singh & Whelan, 2011; Taghdir et al., 2016) .
The family context provides multiple modifiable influences that can be targeted by future GFD adherence intervention studies. Research suggests that parents with greater knowledge about GFD tend to have more adherent children (Charalampopoulos et al., 2013; Garg & Gupta, 2014) . Youth and their parents may struggle to accurately identify GF foods because of confusion over reading product labels (MacCulloch & Rashid, 2014; Roma et al., 2010) . Indeed, dietary interventions frequently incorporate diet-specific education directed at caregivers and other family members (Couch, Saelens, Levin, Dart, Falciglia, & Daniels, 2008; Obarzanek et al., 2001) . Family support and cohesion have also been noted to serve key roles for children and adolescents prescribed a restrictive diet (Mackner et al., 2001) . Although quantitative analyses have not investigated the role of family functioning for GFD adherence, the importance of family support for dietary adherence has been emphasized (Olsson et al., 2008) .
Implications for Intervention Research
Researchers must strive to recruit diverse participants to allow for investigation of social determinants of GFD adherence and develop effective strategies that apply to families with varying sociocultural characteristics. In light of the challenges associated with the recruitment of research participants from lower socioeconomic backgrounds, researchers may need to exercise creativity by addressing common treatment barriers (e.g., offering telehealth sessions to eliminate transportation difficulties, targeting gastroenterology clinics located within urban and rural settings, outreach in diverse community settings). Moreover, although interventions are not intended to modify SES or cultural identities, strategies that assist families from all backgrounds and socioeconomic classes may be included in intervention packages. For example, families may be educated about GF food tax deductions and individualized GF modifications to traditional family recipes can be provided.
Pediatric dietary interventions frequently incorporate caregivers and other family members (Mackner et al., 2001; Obarzanek et al., 2001 ). Inclusion of family members in future GFD interventions is needed to leverage long-term changes in adherence (Modi et al., 2012) . Interventions may target family-level changes to increase adherence, including improving parentchild relationships, increasing caregiver problemsolving skills, and enhancing family support.
In line with findings that caregiver knowledge about GFD is associated with better adherence (Charalampopoulos et al., 2013; Garg & Gupta, 2014) , nutritional education is a critical component of dietary adherence interventions (Mackner et al., 2001) , including those that have already been designed for youth with GFD (Assor et al., 2015; Haas et al., 2017) . However, it is well established that educational strategies alone are insufficient for facilitating dietary behavior changes (Mackner et al., 2001 ). Thus, we encourage intervention researchers to include a balance of nutrition education and empirically supported behavior change strategies (e.g., goal-setting, problemsolving skills, self-monitoring, reward systems; Modi et al., 2012) .
Community Influences
Pediatric patients frequently cite social or community settings (e.g., school, restaurants, parties) as challenges to adherence because of the availability of non-GF foods and social pressures from peers (MacCulloch & Rashid, 2014) . Depending on nonmodifiable geographic factors, families may have few GF foods available at local stores or restaurants. One study found that convenience stores and budget supermarkets, stores that are often located in lower SES neighborhoods, offered few (if any) GF items (Singh & Whelan, 2011) . Alternatively, modifiable community influences include social and community support. Studies have shown that membership in a GFD-related organization (Barnea, Mozer-Glassberg, Hojsak, Hartman, & Shamir, 2014) and parents' communication with other parents of children on GFD (Garg & Gupta, 2014) have been linked with better adherence. Thus, it appears that obtaining support from GFDspecific sources and community groups are important for supporting adherence efforts.
Implications for Intervention Research
Given that access to GF options varies by community and geographic location, future intervention research should incorporate assessment of GF options in the community. Understanding issues related to access to GF options is critical for GFD adherence. Researchers must also use caution when generalizing results of intervention studies, given that study samples often consist of Caucasian, middle-class participants; availability of GF items may vastly differ by sample characteristics. Beyond educating the family about how to identify GF foods, adherence promotion efforts may incorporate educational training for schools and community organizations and advocacy for clear, accurate labeling of GF options by cafeterias, restaurants, food manufacturers, and grocery stores (Case, 2005) .
Social support and school integration are critical for successful adherence to GFD (Errichiello et al., 2010; Roma et al., 2010) . Youth following GFDs and their families may benefit from interventions in which they learn how to problem-solve around challenging social settings and communicate about their disease and/or dietary restrictions with peers, teachers, and other community members. In fact, researchers may consider partnerships with national GFD-related associations to facilitate community-informed participatory study development, participant recruitment, and dissemination of study findings.
Evidence-based, up-to-date information is needed to effectively adhere to a GFD (Case, 2005) . Interventions may also promote access to GFD educational resources and social networks. A number of publicly available mobile applications enable users to identify GF versus non-GF foods in the community. Features include barcode scanning of foods at grocery stores, searchable food/ingredient lists, highlighted GF choices at popular restaurant chains, and reviews from community members following GFD. Available apps have been developed for use by adults and may not be appropriate for children or adolescents. While GFD apps may be helpful tools to support adherence, they are not empirically based, and it is unknown whether their use facilitates better adherence to GFD. Additional research is needed to determine whether new technological tools may support pediatric GFD adherence.
Health-Care System Influences
Broadly, pediatric adherence literature shows that modifications to health-care system factors (e.g., use of family-provider communication technologies; visit frequency) can improve treatment adherence and health outcomes (Modi et al., 2012) . However, research on the relationship between modifiable healthcare system factors and GFD adherence is scarce. Compared with nonadherent adolescents, adherent youth have been found to more frequently follow-up with medical providers and less likely to be lost to follow-up (Barnea et al., 2014; Jadre sin et al., 2008) . Although it is possible that medical encounters promote dietary adherence, youth who adheres to GFD may be more adherent with all elements of medical care (e.g., clinic visit attendance, prescription refills).
There is also extensive evidence across pediatric chronic illness literature to support a multidisciplinary approach to condition management, including improved adherence and health outcomes (Modi et al., 2012) . Case (2005) and recommend a team approach (e.g., physicians, behavioral health specialists, dietitians, social workers) in supporting adherence to GFD. Indeed, each medical provider plays a unique role in educating patients and families, assessing compliance and medical outcomes, and promoting behavior changes. Overall, while little research on the impact of multidisciplinary care management for conditions requiring GFD exists, our review of GFD adherence publications demonstrates involvement by multiple medical specialties and roles.
Implications for Intervention Research
Given the emphasis on a multidisciplinary approach to GFD adherence, future intervention research should examine the influence of coordinated care, including involvement of providers from multiple specialties, on pediatric adherence to GFD. In developing evidencebased interventions, we encourage pediatric researchers to look beyond their specialties for collaborations and participation. Modifiable health systems factors to address in future research include increasing healthcare professionals' competencies in delivering culturally sensitive education and care, promoting positive provider-family relationships, and helping families to formulate clear and achievable dietary adherence plans. Finally, future research should compare intervention outcomes by type of interventionist (e.g., psychologist, nurse, dietician, community health worker) and modality (i.e., individual, group, mobile platform).
Assessment of GFD Adherence
Assessment of GFD adherence is essential for identifying youth at risk for poorer outcomes and monitoring intervention trial outcomes. Maximum measurement validity and reliability are needed to detect true treatment effects. For a comprehensive review of the strengths and limitations of GFD adherence methods (e.g., biomarkers, self-report measures, daily diaries), please refer to the review by Hommel and colleagues (2008) . Below we provide a brief update to measurement methods and considerations. See Table I for a summary of measurement methods used in recent GFD adherence studies.
Biomarkers
A review of multiple serological assays by Hommel and colleagues (2008) suggested that anti-tissue transglutaminase (tTg) assays are the most valid indicators of GFD adherence; recent recommendations for monitoring GFD adherence in pediatric settings are in line with this preference (Snyder & Murray, 2016) . In the context of known limitations of specific biomarkers (e.g., tTG assays may miss nonadherent youth who does not demonstrate mucosal damage; Errichiello et al., 2010; Webb et al., 2015) , other biomarkers (e.g., gluten peptides found in feces or blood, metabolomes; Comino et al., 2012; Haas et al., 2017; Ryan, Newnham, Prenzler, & Gibson, 2015) may provide promising alternatives to current measures, although research is in its early stages. Further, biomarkers may not be relevant for children with wheat allergy or NGWS, which have different clinical and histological findings compared with CD.
Real-Time Assessments
Advances in technology now enable real-time assessment of adherence behaviors (Wu & Hommel, 2014) . Participants can use smartphone applications (i.e., apps) or text messaging platforms to track dietary choices in the moment, thereby reducing retrospective recall inaccuracies. Cloud-based and bluetooth technologies also allow for efficient communication of data between participants, interventionists, and researchers. Limitations include the possibility of technological malfunctions, inconsistent internet access, and cumbersome user interfaces (Wu & Hommel, 2014) . Despite the potential benefits of real-time assessments, they have not been used in published pediatric GFD adherence research.
Implications for GFD Intervention Research
Like many other medical regimens, there is no "gold standard" of GFD adherence (Newnham, 2017) . Utilization of multiple measurement tools is recommended, although reconciliation of conflicting indicators of adherence (e.g., serological assay suggests nonadherence while self-report points to good adherence) is an inherent challenge. Regarding biomarkers, we recommend use of multiple biomarkers, when possible, in an effort to strengthen measurement validity. Continued investigation of new, more sensitive biochemical measures of GFD adherence is also encouraged. Given that the majority of GFD adherence research has been conducted with the CD population, it will be important to validate adherence measures in other gluten-related disorders. Another consideration for future research is the incorporation of real-time assessment methods that allow participants to conveniently and accurately record dietary intake; in fact, many adolescent participants may be especially interested in completing measures delivered via new technologies. In addition, while much of the GFD research uses binary cutoffs for adherence (i.e., adherent vs. nonadherent), we call on researchers to gain a more nuanced understanding of adherence by examining adherence along a continuum from strict adherence to complete nonadherence (Jadre sin et al., 2008; .
Clinical Recommendations
The review of recent empirical investigations of pediatric GFD adherence provides guidance for clinical practice. First, patient population characteristics are important to consider when assessing and treating youth on GFD and their families. Although screening for GFD nonadherence during medical clinic visits may be valuable for all patients and families, special attention to adolescents on GFDs is recommended, given the established adherence difficulties experienced by this age group (Charalampopoulos et al., 2013; MacCulloch & Rashid, 2014) . Further, as comorbidities (e.g., T1D) are common in youth on GFD (Snyder & Murray, 2016) , behavioral healthcare providers are encouraged to consider adherence behaviors and potential barriers in the context of all of the patients' self-management needs. Consistent with psychological practice, screening and treatment must be modified to fit the patient's unique cultural and socioeconomic background (e.g., ethnic identity, race, religious affiliation, availability of resources). In fact, patients from lower SES backgrounds are most at risk for GFD nonadherence (Barratt et al., 2011; Garg & Gupta, 2014) . Providers need to be sensitive to the challenges that patients and families may face in procuring GFD foods based on affordability and availability. Treatment may need to incorporate problemsolving skills for managing such difficulties as well as assisting families in advocating for affordable GFD options at their local markets, restaurants, and community facilities.
The current review also provides suggestions for potential mediators or moderators of treatment effectiveness. In the absence of evidence-based intervention protocols that have demonstrated strong effects, we recommend that providers incorporate a blend of education, problem-solving skills, and other cognitive behavioral techniques to improve patients' adherence. Associations between adherence and GFD-specific attitudes and emotions (Alzaben et al., 2015; Garg & Gupta, 2014) suggest that treatment may aim to provide youth with cognitive behavioral skills that enable them to manage negative thoughts or feelings that interfere with GFD adherence. Like many successful dietary adherence interventions (Mackner et al., 2001) , family-level changes are also valuable targets for treatment. Family-level changes (e.g., non-GF foods are not kept at home, other members adopt GFD, improved family communication) may be encouraged to provide children on GFD with family support and environmental changes. As parent knowledge about GFDs has been linked with better adherence (Charalampopoulos et al., 2013; Garg & Gupta, 2014) , it is also critical that caregivers are provided with comprehensive education about GFDs and the importance of adhering to the diet.
Finally, it is essential to provide clinical treatment for GFD adherence using a collaborative multidisciplinary approach (Case, 2005; . All members of the treatment team, including physicians, nurses, dietitians, behavioral health specialists, and social workers, serve important roles. For example, a family struggling to find palatable, affordable, and healthy GFD snacks and meals may be referred to a dietitian for more focused support and a social worker for financial assistance. Schools may also be considered as part of the patient's treatment team. Providers may help to empower families to advocate for their child's GFD-related needs or work directly with school personnel to support the patient in adhering to a GFD. Families may also be referred to national organizations (e.g., Celiac Disease Foundation, Celiac Support Association) that can offer additional opportunities for education about GFDs, promotion of appropriate dietary options, social support, and advocacy.
Summary
Despite high rates of nonadherence to GFD by youth with gluten-related disorders, few evidence-based interventions have been developed and described in the literature. Additional studies of GFD adherence interventions are greatly needed to support the growing number of youth on GFD. Our review of recent research provides guidance for a research agenda in the area of pediatric GFD adherence interventions (see Table II ). Researchers must be thoughtful of methods used to assess GFD adherence, with multiple assessment methods (e.g., biomarkers, self-report, real-time technological measures) used per study. New assessment methods may help to advance the field and provide exciting ways for monitoring response to treatment.
When developing novel GFD adherence interventions, researchers are encouraged to consider the Note: CD ¼ celiac disease; GF ¼ gluten-free; GFD ¼ gluten-free diet; NGWS ¼ nonceliac gluten/wheat sensitivity. current evidence base across multiple selfmanagement domains: individual, family, community, and health systems. Nonmodifiable factors (e.g., developmental level, SES, cultural background, availability of GF foods) must be considered when adapting intervention components to best fit participant characteristics. Further, modifiable influences (e.g., social support, parental knowledge about GFD, GFD-related attitudes, patient-provider communication) can inform the targets of adherence interventions and the processes (e.g., education, problem solving, cognitive restructuring) incorporated into the program; it is likely that multiple treatment mechanisms may be needed to sustain adherence outcomes (Modi et al., 2012) . We caution investigators in assuming that correlates of GFD adherence described in this review are directly responsible for improved adherence; confounding variables may be responsible in part for some findings described in the largely cross-sectional literature. However, given a lack of evidence-based treatment mechanisms for improving GFD adherence, we believe established correlates may offer a helpful starting point in designing interventions. Additional longitudinal investigations are needed to determine the treatment mechanisms that are most effective for improving GFD adherence.
Researchers may consider partnering with GFD-related organizations, both to support research participants enrolled in adherence interventions and to support the research process (i.e., recruitment, dissemination). Novel technologies (e.g., GFD mobile applications), although not currently evidence-based, present exciting opportunities for future GFD adherence interventions. Finally, it is emphasized that a multidisciplinary team is ideal for improving adherence; including physicians, nurses, dietitians, behavioral health specialists, social workers, and parents in future GFD adherence interventions is critical.
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